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ELASTIC WAVE DEVICE AND
MANUFACTURING METHOD THEREFOR

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of priority to Japanese
Patent Application No. 2014-200350 filed on Sep. 30, 2014
and 1s a Continuation Application of PCT Application No.
PCT/IP2015/075733 filed on Sep. 10, 2015. The entire

contents of each application are hereby incorporated herein
by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an elastic wave device
such as an elastic wave resonator or an elastic wave filter,
and to a manufacturing method therefor.

2. Description of the Related Art

Heretofore, various elastic wave devices have been used
as resonators and band pass filters. Japanese Unexamined
Patent Application Publication No. 2007-251910 discloses
an elastic wave device in which Lamb waves are utilized as
plate waves. In Japanese Unexamined Patent Application
Publication No. 2007-251910, an IDT electrode 1s formed
on a piezoelectric substrate. A reinforcement substrate hav-
ing an opening therein that opens upward 1s bonded to a
lower surface of the piezoelectric substrate. The opening i1s
provided below a part of the piezoelectric substrate where
the IDT electrode 1s provided. The opening 1s closed by the
piezoelectric substrate and a hollow part 1s thus formed.

In elastic wave devices, 1n addition to an IDT electrode,
a plurality of wiring lines are provided that are connected to
the IDT electrode. Although there 1s no particular mention of
such wiring lines 1n Japanese Unexamined Patent Applica-
tion Publication No. 2007-251910, it 1s sometimes not
possible to obtain good characteristics due to parasitic
capacitances between wiring lines and so forth when an
clastic wave device 1s actually manufactured.

SUMMARY OF THE INVENTION

Preferred embodiments of the present invention provide
clastic wave devices that reduce capacitance between wiring
lines and 1n which the characteristics thereof are unlikely to
be degraded by parasitic capacitances and so forth.

An elastic wave device according to a preferred embodi-
ment of the present invention includes a support substrate, a
piezoelectric substrate that 1s stacked on the support sub-
strate, an IDT electrode that 1s provided on the piezoelectric
substrate, and a plurality of wiring line portions that are
provided on the piezoelectric substrate and are electrically
connected to the IDT electrode. A first hollow portion, which
1s covered by the piezoelectric substrate, 1s provided 1n the
support substrate at least below at least one wiring line
portion or below a region between wiring line portions
among the plurality of wiring line portions.

In an elastic wave device according to a preferred
embodiment of the present invention, a plate wave 1s utilized
as an elastic wave, and an excitation-use second hollow
portion, which 1s closed by the piezoelectric substrate, 1s
provided 1n the support substrate below a region 1n which the
IDT electrode 1s provided.

In an elastic wave device according to a preferred
embodiment of the present invention, the first hollow por-
tion and the second hollow portion are i1solated from each
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other by a partition wall that 1s provided in the support
substrate. In this case, the mechanical strength 1s increased

by the partition wall.

In an elastic wave device according to a preferred
embodiment of the present invention, the first hollow por-
tion and the second hollow portion may be connected to each
other.

In an elastic wave device according to a preferred
embodiment of the present invention, a plate wave 1s utilized
as an elastic wave, and the elastic wave device further
includes an acoustic reflection film that 1s stacked on a lower
surface of the piezoelectric substrate below the IDT elec-
trode. A plate wave may be excited by providing an acoustic
reflection film below the IDT electrode 1n this manner.

In an elastic wave device according to a preferred
embodiment of the present invention, a leaky wave 1is
utilized as an elastic wave.

An elastic wave device manufacturing method according
to a preferred embodiment of the present invention includes
a step ol preparing the support substrate; a step of forming
the first hollow portion, the first hollow portion being open
at an upper surface of the support substrate; a step of
stacking the piezoelectric substrate on the support substrate;
and a step of forming the IDT electrode and the plurality of
wiring line portions on the piezoelectric substrate.

In a method of manufacturing an elastic wave device
according to a preferred embodiment of the present inven-
tion, the method further includes a step of forming the
excitation-use second hollow portion 1n the support sub-
strate.

In a method of manufacturing an elastic wave device
according to a preferred embodiment of the present inven-
tion, the first hollow portion and the second hollow portion
are simultaneously formed. In this case, an elastic wave
device according to a preferred embodiment of the present
invention can be provided while not increasing the number
manufacturing steps.

With the elastic wave devices and the elastic wave device
manufacturing methods according to various preferred
embodiments of the present invention, the capacitance
between wiring line portions 1s able to be reduced, and as a
result, degradation of the characteristics of the elastic wave
device caused by parasitic capacitances and so forth is
cllectively reduced or prevented.

The above and other elements, features, steps, character-
istics and advantages of the present invention will become
more apparent from the following detailed description of the
preferred embodiments with reference to the attached draw-
Ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic plan view for describing an elastic
wave device according to a first preferred embodiment of the
present mvention.

FIG. 2 illustrates the circuit configuration of the elastic
wave device according to the first preferred embodiment of
the present mnvention.

FIG. 3 1s a sectional view of the elastic wave device of the
first preferred embodiment of the present invention taken
along line A-A 1n FIG. 1.

FIG. 4 1s a sectional view of the elastic wave device
according to the first preferred embodiment of the present
invention taken along line B-B in FIG. 1.

FIG. 5 1s a sectional view of an elastic wave device
according to a modification of the first preferred embodi-
ment of the present invention.
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FIG. 6 1s a sectional view of an elastic wave device
according to a second modification of the first preferred

embodiment of the present invention.

FIG. 7 1s a front sectional view of an elastic wave device
according to a second preferred embodiment of the present
invention.

FIG. 8 1s a front sectional view of an elastic wave device
according to a third preferred embodiment of the present
invention.

FIG. 9 1s a schematic front sectional view of an elastic
wave device according to a fourth preferred embodiment of
the present ivention.

FIG. 10 1s a front sectional view of an elastic wave device
according to a fifth preferred embodiment of the present
invention.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

(L]

Hereatter, the present invention will be made clearer by
describing specific preferred embodiments of the present
invention while referring to the drawings.

The preferred embodiments described 1n the present
specification are 1llustrative examples and 1t should be noted
that elements and features of the configurations 1llustrated in
different preferred embodiments can be substituted for one
another or combined with one another.

FIG. 1 1s a schematic plan view of an elastic wave device
1 according to a first preferred embodiment of the present
invention, and FIG. 2 illustrates the circuit configuration of
the elastic wave device 1.

As 1llustrated 1n FIG. 2, the elastic wave device 1 pred-
erably 1s a ladder filter, for example. A plurality of series-arm
resonators S1 to S4 are provided 1n a series arm that
connects an input terminal 2 and an output terminal 3. A
parallel arm resonator P1 1s provided 1n a parallel arm that
connects a connection point between the series arm resona-
tor S1 and the series arm resonator S2, and the ground
potential. A parallel arm resonator P2 1s provided 1 a
parallel arm that connects a connection point between the
series arm resonator S2 and the series arm resonator S3, and
the ground potential. A parallel arm resonator P3 1s provided
in a parallel arm that connects a connection point between
the series arm resonator S3 and the series arm resonator S4,
and the ground potential. A parallel arm resonator P4 1is
provided in a parallel arm that connects a node between the
series arm resonator S4 and an output terminal and the
ground potential. Ground-potential-side end portions of the
parallel-arm resonators P1 to P3 are commonly connected to
a connection point 4.

The series arm resonators S1 to S4 and the parallel arm
resonators P1 to P4 each include an elastic wave resonator.
As 1llustrated 1n FIG. 1, the elastic wave device 1 includes
a piezoelectric substrate 5. The piezoelectric substrate 5
includes a piezoelectric single crystal such as LiTaO; or
LiNbO, 1n this preferred embodiment.

The schematically 1illustrated electrode structure 1s pro-
vided on the piezoelectric substrate 5. In more detail, the
input terminal 2, the output terminal 3 and ground terminals
6 and 7 are provided on the piezoelectric substrate 5. Wiring
line portions 11 to 135 are provided in order to define the
series arm that connects the mput terminal 2 and the output
terminal 3 to each other. One end of the wiring line portion
11 1s connected to the mput terminal 2 and the other end of
the wiring portion 1s connected to the series arm resonator
S1. In FIG. 1, a portion where the series arm resonator S1
1s provided 1s schematically illustrated as a rectangular
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shape, for example. In reality, a one-port-type elastic wave
resonator 1s provided preferably by forming an IDT elec-
trode and reflectors, which are arranged on both sides of the
IDT electrode 1n the elastic wave propagation direction. A
portion 1n which a one-port-type elastic wave resonator 1s
provided 1s 1llustrated as a rectangular frame shape, for
example. In addition, a broken line X inside a rectangular
frame shape indicates a portion where a second hollow
portion, which 1s used for excitation, 1s provided below the
piezoelectric substrate 5, as will be described later. The outer
edge of the second hollow portion 1s indicated by the broken
line X m a plan view of the second hollow portion.

The other series-arm resonators S2 to S4 and the parallel
arm resonators P1 to P4 are also schematically illustrated as
similar rectangular frame shapes and regions in which the
second hollow portions are provided are indicated by broken
lines.

The wiring line portion 12 connects the series arm reso-
nator S1 and the series arm resonator S2 to each other. The
wiring line portion 13 connects the series arm resonator S2
and the series arm resonator S3 to each other. The wiring line
portion 14 connects the series arm resonator S3 and the
series arm resonator S4 to each other. The wiring line portion
15 connects the series arm resonator S4 and the output
terminal 3 to each other.

On the other hand, a wiring line portion 16 1s connected
to an end portion of the parallel arm resonator P1 that 1s on
the opposite side from the side that 1s connected to the series
arm resonator S1. The wiring line portion 16 branches into
first and second branch wiring line portions 16a and 165.
The first branch wiring line portion 16a 1s connected to the
ground terminal 6. The second branch wiring line portion
165 1s connected to end portions of the parallel arm reso-
nator P2 and the parallel arm resonator P3 that are on the
ground potential side. Therefore, the connection point 4 1s
defined by the wiring line portion 16.

The parallel arm resonator P4 1s connected to a wiring line
portion 17. The wiring line portion 17 1s commonly con-
nected to the wiring line portion 15 and 1s connected to the
series arm resonator S4. In addition, a wiring line portion 18
1s connected to an end portion of the parallel arm resonator
P4 that 1s on the ground potential side. The wiring line
portion 18 1s connected to the ground terminal 7. The ladder
circuit 1llustrated 1n FIG. 2 1s provided on the piezoelectric
substrate 5 1 the manner described above.

The mput terminal 2, the output terminal 3, the ground
terminals 6 and 7 and the wiring line portions 11 to 18 are
composed of a metal. As examples of the metal, a suitable
metal or alloy such as Cu, Al, an Al-—Cu alloy, Ag, or an
Ag—Pd alloy can be used. In addition, a single metal film
may be used, or a multilayer metal film obtained by stacking
a plurality of metal films may be used.

The IDT electrodes and retlectors of the series-arm reso-

nators S1 to S4 and the parallel arm resonators P1 to P4 can
be formed of the same metals as described above.
In the elastic wave device 1, the second hollow portions
indicated by the broken lines X described above are pro-
vided 1n order that the vibrations of the elastic wave reso-
nators provided on the piezoelectric substrate 3 are not
obstructed. This point will be explained while referring to
the sectional view of FIG. 3.

FIG. 3 1s a sectional view taken along a broken line A-A
in FIG. 1. An IDT electrode 21 and reflectors 22 and 23,
which define the parallel arm resonator P2, are provided on
the piezoelectric substrate 5. The branch wiring line portion
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166 and the wiring line portion 13 are located outside the
reflectors 22 and 23 1n a surface acoustic wave propagation
direction.

In the elastic wave device 1 of this preferred embodiment,
plate waves are preferably utilized as the elastic waves.
Theretfore, the entirety of the portion of the piezoelectric
substrate 3 where the IDT electrode 21 1s provided vibrates.
The thickness of the piezoelectric substrate 5 1s small and
therefore a support substrate 24 1s stacked on a lower surface
of the piezoelectric substrate 5. In other words, the piezo-
clectric substrate 5 1s held by the support substrate 24.

An excitation-use second hollow portion 32 1s provided
below a region where the IDT electrode 21 and the reflectors
22 and 23 are provided 1n order to allow an elastic wave to
be excited 1n the IDT electrode 21. In addition, first hollow
portions 31, which will be described next, are connected to
both sides of the excitation-use second hollow portion 32.

The first hollow portions 31 and the second hollow
portion 32 are each defined by covering an opening, which
opens at the upper surface of the support substrate 24, with
the piezoelectric substrate 5.

The support substrate 24 can be made of a suitable
insulating material, semiconductor material or piezoelectric
material.

One of the unique features of the elastic wave device 1 of
the present preferred embodiment 1s that the first hollow
portions 31 are provided.

In FIG. 3, the first hollow portions 31 preferably are
connected to and integrated with the second hollow portion
32, which 1s to the mnside of the first hollow portions 31, with
one-dot chain lines Y therebetween.

The first hollow portions 31 are respectively located
below portions where the second branch wiring line portion
166 and the wiring line portion 13 are provided.

In this preferred embodiment, since the first hollow por-
tions 31 are respectively provided below the second branch
wiring line portion 165 and the wiring line portion 13, the
parasitic capacitance between the second branch wiring line
portion 160 and the wiring line portion 13 1s able to be
reduced. As a result, degradation of characteristics 1s sig-
nificantly reduced or prevented.

In the elastic wave device 1, as described above, the thin
piezoelectric substrate 5 1s used, and 1n addition to the
second hollow portions 32, similar first hollow portions are
provided 1n portions surrounded by one-dot chain lines Y in
FIG. 1.

FI1G. 4 15 a sectional taken along line B-B 1n FIG. 1. Here,
the first hollow portions 31 are respectively provided below
the wiring line portion 11 and below the wiring line portion
15. Therefore, a parasitic capacitance between the wiring
line portion 11, which i1s connected to the mmput terminal 2
illustrated i FIG. 1, and the wiring line portion 15, which
1s connected to the output terminal 3, 1s able to be reduced.
Thus, the first hollow portions 31 may be provided 1n order
to reduce the parasitic capacitance between the wiring line
portions 11 and 15, which do not have an IDT electrode
provided therebetween.

As described above, 1t 1s clear that the parasitic capaci-
tance between the wiring line portions 1s able to be eflec-
tively reduced by providing the first hollow portions 1n parts
indicated by the one-dot chain lines Y i FIG. 1. In FIG. 4,
the first hollow portions 31 are provided below the wiring,
line portions 11 and 15 in order to reduce the parasitic
capacitance between the wiring line portion 11 and wiring
line portion 15, which 1s considerably spaced apart from the
wiring line portion 11.
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In contrast, first hollow portions 31 may be respectively
provided below wiring line portions 33 and 34, which are
close to or adjacent to each other on the piezoelectric
substrate 5, as 1n a modification illustrated 1n the sectional
view ol F1G. 5. In this modification, the first hollow portions
31 are adjacent to each other, and a partition wall 24a 1s
provided therebetween. Therefore, deformation of the piezo-
clectric substrate S toward the first hollow portions 31 1s able
to be reduced. Theretfore, the mechanical strength 1s able to
be increased compared with a configuration in which the
first hollow portions 31 are connected to each other.

Of course, the first hollow portion 31 below the wiring
line portion 33 and the first hollow portion 31 below the
wiring line portion 34 may be integrated with each other as
in a second modification 1illustrated 1n FIG. 6.

It 1s preferable that the parasitic capacitances between
hot-side wiring lines such as the wiring line portion 11 and
the wiring line portion 15 be made small. For example, 11 the
parasitic capacitance between the wiring line portion 11 and
the wiring line portion 15 1s made small, attenuation of the
ladder filter 1s able to be made sufliciently large. Therefore,
it 1s preferable that first hollow portions 31 be provided 1n
this manner below wiring line portions and/or below a
region between wiring line portions in the case of such
hot-side wiring line portions.

FIG. 7 1s a front sectional view of an elastic wave device
according to a second preferred embodiment of the present
invention and corresponds to FIG. 3, which illustrates the
first preferred embodiment. An elastic wave device 41 of the
second preferred embodiment 1s preferably the same as that
of the first preferred embodiment except that first hollow
portions 31 and a second hollow portion 32 are separated
from each other by partition walls 24a.

As 1s clear from comparing and contrasting FIG. 3 and
FIG. 7, 1n the second preferred embodiment, a first hollow
portion 31 that 1s below the branch wiring line portion 1656
and a second hollow portion 32 that 1s below the IDT
clectrode 21 are separated from each other by a partition
wall 24a. Similarly, a first hollow portion 31 that 1s below
the wiring line portion 1s also separated from the second
hollow portion 32 by a partition wall 24a. Therefore, com-
pared with the structure 1llustrated 1n FI1G. 3, the mechanical
strength 1s able to be more eflectively increased with the
structure of the second preferred embodiment illustrated 1n
FIG. 7.

In various preferred embodiments of the present mven-
tion, the first hollow portions are provided in order to reduce
the parasitic capacitances between wiring line portions.
Therefore, although 1t 1s suflicient for the first hollow
portions to be provided below wiring line portions, the first
hollow portions may be provided between wiring line por-
tions. In other words, 1t 1s suflicient for a first hollow portion
31 to be provided at least below at least one wiring line
portion or below a region between wiring line portions.

FIG. 8 1s a front sectional view of an elastic wave device
51 according to a third preferred embodiment of the present
invention. The elastic wave device 51 1s preferably the same
as that of the first preferred embodiment illustrated 1n FIG.
3 except that the second hollow portion 32 1s not provided
and an acoustic reflection film 52 1s provided 1n place of the
second hollow portion 32. Therefore, only this different
portion will be described.

The acoustic reflection film 52 has a structure obtained by
alternately stacking acoustic retlection films 32a, 52¢, and
52¢ having a relatively low acoustic impedance and acoustic
reflection films 3525 and 524 having a relatively high acous-
tic impedance. Therefore, an elastic wave 1s retlected by the
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acoustic reflection film 52 and 1s confined to the piezoelec-
tric substrate 5. Thus, even though the second hollow portion
32 1s not provided, an elastic wave 1s able to be eflectively
excited using a thin piezoelectric substrate 5. The acoustic
reflection film 1s not limited to above-described configura-
tion, and 1t 1s suflicient that a layer having a relatively low
acoustic 1mpedance and a layer have a relatively high
acoustic 1impedance be alternately stacked on top of one
another.

Next, a non-limiting example of a method of manufac-
turing the elastic wave device 1 of the first preferred
embodiment will be described.

First, the plate-shaped support substrate 24 1s prepared.

Next, openings are formed in the support substrate 24 by
performing etching or the like 1n portions of the support
substrate 24 where the first hollow portions 31 and the
second hollow portions 32 are to be formed. These openings,
that 1s, openings that open at the upper surface of the support
substrate 24, are filled with a sacrificial layer. As a result, the
upper surface of the support substrate 24 1s made flat.

The sacrificial layer 1s preferably made of a material that
can be removed through a solvent treatment 1n a later step.

After forming the sacrificial layer, the piezoelectric sub-
strate 5 1s stacked on the upper surface of the support
substrate 24. After that, the IDT electrodes 21, the reflectors
22 and 23, the plurality of wiring line portions 11 to 18, and
the mput terminal 2, the output terminal 3 and the ground
terminals 6 and 7 are formed on the piezoelectric substrate
5 using a photolithography method. Next, through holes that
are connected to the sacrificial layer are formed in the
piezoelectric substrate 5 by performing etching. Finally, the
sacrificial layer 1s removed by injecting a solvent from the
through holes.

According to the example manufacturing method of this
preferred embodiment, the first hollow portions 31 and the
second hollow portions 32 are simultaneously formed.
Therefore, 1t 1s possible to avoid a complicated manufac-
turing process. The second hollow portions 32 do not
necessarily have to be provided 1n a preferred embodiment
of the present invention. In other words, according to
various preferred embodiments of the present invention, a
parasitic capacitance between wiring line portions 1s able to
be reduced so long as at least one first hollow portion 1s
provided below a wiring line portion or between wiring line
portions. Thus, the attenuation outside the pass band of a
ladder filter 1s able to be increased and the characteristics of
the ladder filter are able to be improved.

In the above-described preferred embodiments, plate
waves preferably are used and therefore the thickness of the
piezoelectric substrate 5 1s small. Therefore, an etching hole
1s able to be easily formed 1n the piezoelectric substrate 5.
Consequently, the sacrificial layer 1s able to be easily
removed by performing etching.

FIG. 9 1s a schematic front sectional view for describing
a plate wave device according to a fourth preferred embodi-
ment of the present invention. In an elastic wave device of
the fourth preferred embodiment, the first and second hollow
portions 31 and 32, which are provided in the support
substrate 24, open at the lower surface of the support
substrate 24. The first and second hollow portions 31 and 32
are connected to each other as 1n the case 1llustrated 1n FIG.
3. The piezoelectric substrate 5 1s stacked on the support
substrate 24 so as to cover the upper openings of the first and
second hollow portions 31 and 32. The IDT electrode 21 1s
provided on the piezoelectric substrate 5. Thus, the first and
hollow portions 31 and 32, which are provided 1n the support
substrate 24, may open downwardly.
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In addition, a structure may be adopted 1n which the first
hollow portions 31 that are each provided below a wiring
line portion or between wiring line portions also open
downwardly as 1n the case of the second hollow portion 32
of the fourth preferred embodiment.

A non-limiting example of a manufacturing method of the
fourth preferred embodiment will be described. The piezo-
clectric substrate 1s stacked on the surface of the support
substrate 24, and then the thickness of the piezoelectric
substrate 1s reduced. A piezoelectric substrate 5 having a
prescribed thickness 1s formed in this way. Next, the IDT
clectrodes 21 are formed at prescribed positions on the
piezoelectric substrate 5. After that, the first and second
hollow portions 31 and 32 are formed 1n the support sub-
strate 24.

In the above-described preferred embodiments, plate
waves are preferably used, for example, but elastic waves
other than a plate wave may be used. Possible examples of
such elastic waves include surface acoustic waves, leaky
waves and bulk waves.

FIG. 10 1s a front sectional view of an elastic wave device
according to a {ifth preferred embodiment of the present
invention. An elastic wave device 71 does not include the
second hollow portion or an acoustic reflection film. The
piezoelectric substrate 5 of this preferred embodiment 1s
preferably made of L1TaO; (LT). The elastic wave device 71
utilizes leaky waves. Of course, the piezoelectric substrate 5
may be composed of a piezoelectric single crystal other than
[L1Ta0;. In addition, elastic waves other than leaky waves
may be used.

The first hollow portions 31 are provided 1n this preferred
embodiment as well, and therefore, the parasitic capaci-
tances between wiring line portions are able to be reduced.

An acoustic reflection film may be provided between the
piezoelectric substrate and the support substrate. An elastic
wave 15 able to be confined to the piezoelectric substrate in
this way. Therefore, energy efliciency 1s able to be eflec-
tively increased.

Alternatively, a high acoustic velocity film may be
stacked on the support substrate, a low acoustic velocity film
may be stacked on the high acoustic velocity film, and a
piezoelectric substrate may be stacked on the low acoustic
velocity film. Here, “high acoustic velocity film™ refers to a
film 1n which the velocity of a bulk wave propagating
therethrough 1s higher than that of an elastic wave propa-
gating through the piezoelectric substrate. “Low acoustic
velocity film”™ refers to a film 1n which the velocity of a bulk
wave propagating therethrough 1s lower than the velocity of
a bulk wave propagating through the piezoelectric substrate.
An elastic wave 1s able to be confined to the piezoelectric
substrate in this case as well.

In addition, a high acoustic velocity support substrate may
be used 1n which a high acoustic velocity film and a support
substrate are integrated with each other. The matenal of the
high acoustic velocity support substrate may be silicon (S1),
for example.

Furthermore, a ladder filter 1s described 1n the first pre-
terred embodiment as a non-limiting example, but an elastic
wave device of a preferred embodiment of the present
invention may have the structure of another type of filter
such as a longitudinally coupled resonator-type elastic wave
filter, for example. In addition, preferred embodiments of the
present invention are not limited to being applied to a filter,
and preferred embodiments of the present invention can be
applied to various elastic wave devices 1 which there 1s a
demand to reduce the parasitic capacitances between wiring
line portions.
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While preferred embodiments of the present imvention
have been described above, it 1s to be understood that
variations and modifications will be apparent to those skilled
in the art without departing from the scope and spirit of the
present invention. The scope of the present invention, there-
fore, 1s to be determined solely by the following claims.

What 1s claimed 1s:

1. A ladder filter comprising:

a support substrate;

a piezoelectric substrate provided on the support sub-
strate;

an mput terminal and an output terminal provided on the
piezoelectric substrate;

an IDT electrode provided on the piezoelectric substrate,
and included 1n a series-arm connected to the mput
terminal and the output terminal;

a first wiring line portion and a second wiring line portion
provided on the piezoelectric substrate, and electrically
connected to the IDT electrode:

a first hollow portion provided below at least a portion of

the first wiring line portion; and

a second hollow portion provided below at least a portion

of the second wiring line portion.

2. The ladder filter according to claim 1, wherein a third
hollow portion 1s provided below a region 1n which the IDT
clectrode 1s provided.

3. The ladder filter according to claim 2, further compris-
ing a partition wall provided in the support substrate to
1solate the first hollow portion and the third hollow portion
from each other.

4. The ladder filter according to claim 1, wherein

the ladder filter has a structure that generates plate waves.

5. The ladder filter according to claim 1, wherein the
ladder filter has a structure that generates leaky waves.
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6. The ladder filter according to claim 2, further compris-
ing a partition wall provided in the support substrate to
isolate the second hollow portion and the third hollow
portion from each other.

7. The ladder filter according to claim 3, further compris-
ing a partition wall provided in the support substrate to
isolate the second hollow portion and the third hollow
portion from each other.

8. The ladder filter according to claim 1, wherein the first
wiring line portion 1s connected to the input terminal, and
the second wiring line portion 1s connected to the output
terminal.

9. The ladder filter according to claim 1, wherein

the IDT electrode includes a first IDT electrode and a

second IDT electrode;

the first wiring line portion 1s connected to the input

terminal and the first IDT electrode; and

the second wiring line portion 1s connected to the output

terminal and the second IDT electrode.

10. A method for manufacturing a ladder filter compris-
ng:

providing a piezoelectric substrate on a support substrate;

providing an input terminal and an output terminal on the

piezoelectric substrate;

providing an IDT electrode in a series-arm and on the

piezoelectric substrate;

providing a first wiring line portion and a second wiring

line portion 1n the series arm and on the piezoelectric
substrate;

providing a first hollow portion below at least a portion of

the first wiring line portion; and

providing a second hollow portion below at least a portion

of the second wiring line portion; wherein

the first wiring line portion and the second wiring line

portion are each electrically connected to the IDT

electrode.
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